Abstract. We present an interacting model with a phenomenological interaction,Q, between a cold dark matter (DM) fluid and a dark energy (DE) fluid, which takes a time-varying equation of state (EoS) parameter, ωDE. Here, bothQ and ωDE are modeled in terms of the Chebyschev polynomials. In a Newtonian gauge and on sub-horizon scales, a set of perturbed equations is obtained when the momentum transfer potential becomes null in the DM rest-frame. This leads to different cases of the interacting model. Then, via a Markov-Chain Monte Carlo (MCMC) method, we constrain such cases by using a combined analysis of geometric and dynamical data. Our results show that in such cases the evolution curves of the structure growth of the matter deviate strongly from the standard model. In addition, we also found that the matter power spectrum is sensitive toQ. In this way, the coupling modifies the matter scale and generates a slight variation of the turnover point to smaller scales. Likewise, the amplitude of the CMB temperature power spectrum is sensitive the values ofQ and ωDE at low and high multipoles l , respectively. Here,Q can cross twice the lineQ = 0 during its background evolution. 98.80.Es 
Introduction
A number of observations [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51] have indicated that the present universe is undergoing a phase of accelerated expansion, and driven probably by a new form of energy with negative EoS parameter, commonly so-called DE [52] . This energy has been interpreted in various forms and widely studied in [53] . However, within General Relativity (GR) the DE models can suffer the coincidence problem, namely why the DM and DE energy densities are of the same order today. This latter problem could be solved or even alleviated, by assuming the existence of a non-gravitationalQ within the dark sector, which gives rise to a continuous energy exchange from DE to DM or vice-versa. Currently, there are n't neither physical arguments nor recent observations to excludeQ [54, 56, 57, 58] . Moreover, due to the absence of a fundamental theory to constructQ, different ansatzes have been widely discussed in [54, 56, 57, 58, 59, 60] . So, It has been shown in some coupled DE scenarios thatQ can affect the background evolution of the DM density perturbations and the expansion history of the universe [6, 59, 60, 61, 62] . Thus,Q and ω DE could very possibly introduce new features on the evolution curves of the struca e-mail:freddy@ifm.umich.mx ture growth of the matter, on the linear matter power spectrum and on the amplitude of the CMB temperature power spectrum at low and high multipoles, respectively [6, 60, 61, 62, 63] . On the other one, within dark sector we can propose new ansatzes for bothQ and ω DE , which can be expanded in terms of the Chebyshev polynomials T n , defined in the interval [−1, 1] and with a divergence-free ω DE at z→ −1 [64, 65] . However, that polynomial base was particularly chosen due to its rapid convergence and better stability than others, by giving minimal errors [44, 66] . Besides,Q could also be proportional to the DM energy densityρ DM and to the Hubble parameterH. This new model will guarantee an accelerated scaling attractor and connect to a standard evolution of the matter. Here,Q will be restricted from the criteria exhibit in [67] . The focus of this paper is to investigate the effects ofQ and ω DE on the curves of structure growth, on the matter power spectrum and on the CMB temperature power spectrum including the search for a new way to alleviate the coincidence problem. On the other hand, an interacting DE model is discussed, on which we have performed a global fitting, by using an analysis combined of Joint Light Curve Analysis (JLA) type Ia Supernovae (SNe Ia) data [1, 2, 3] , including the growth rate of structure formation obtained from redshift space distortion (RSD) data [4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23] , together with Baryon Acoustic Oscillation (BAO) data [24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38] , as well as the observations of anisotropies in the power spectrum of the Cosmic Microwave Background (CMB) data [23, 39, 40, 41 ] and the Hubble parameter (H) data obtained from galaxy surveys [42, 43, 44, 45, 46, 47, 48, 49, 50, 51] to constrain the parameter space of such model and break the degeneracy of their parameters, putting tighter constraints on them. Finally, we organize this paper as follows: We describe the background equations of the interacting DE model in Sec. II, the perturbed equations, the modified growth factor, the linear matter and CMB temperature power spectra in Sec. III. The constraint method and observational data are presented in Sec. IV. We discuss our results in Sec. V and show our conclusions in Sec. VI.
Interacting dark energy (IDE) model
We assume a spatially flat Friedmann-Robertson-Walker (FRW) universe, composed with four perfect fluids-like, radiation (subscript r), baryonic matter (subscript b), DM and DE, respectively. Moreover, we postulate the existence of a non-gravitational coupling in the background between DM and DE (so-called dark sector) and two decoupled sectors related to the b and r components, respectively. We also consider that these fluids have EoS parameters P A = ω AρA , A = b, r, DM, DE, where P A andρ A are the corresponding pressures and the energy densities. Here, we choose ω DM = ω b = 0, ω r = 1/3 and ω DE is a timevarying function. Therefore, the balance equations of our fluids are respectively,
where the differentiation has been done with respect to the redshift, z,H denotes the Hubble expansion rate and the quantityQ expresses the interaction between the dark sectors. For simplicity, it is convenient to define the fractional energy densitiesΩ i ≡ρ A ρc and Ω A,0 ≡ ρi,0 ρc,0 , where the critical density ρ c ≡ 3H
2 /8πG and the critical density today ρ c,0 ≡ 3H 0 2 /8πG being H 0 = 100h
the current value ofH. Likewise, we have taken the relationΩ b,0 +Ω r,0 +Ω DM,0 +Ω DE,0 = 1. Here, the subscript "0" indicates the present day value of the quantity. In this work, we consider the spatially flat FRW metric with line element
where t represents the cosmic time and "a" represents the scale factor of the metric and it is defined in terms of the redshift z as a = (1 + z) −1 . Here, we analyze the ratio between the energy densities of DM and DE, defined as R ≡ρ DM /ρ DE . From Eqs. (3) and (4), we obtain [67, 68] 
This Eq. leads tō
Due to the fact that the origin and nature of the dark fluids are unknown, it is not possible to deriveQ from fundamental principles. However, we have the freedom of choosing any possible form ofQ that satisfies Eqs. (3) and (4) simultaneously. Hence, we propose a phenomenological description forQ as a linear combination ofρ DM ,H and a time-varying functionĪ Q ,
whereĪ Q is defined in terms of Chebyshev polynomials and λ n are constant and small |λ n | ≪ 1 dimensionless parameters. This polynomial base was chosen because it converges rapidly, is more stable than others and behaves well in any polynomial expansion, giving minimal errors [58] . The first three Chebyshev polynomials are
From Eqs. (8) and (9) an asymptotic value forĪ Q can be found:Ī Q → ∞ for z → ∞,Ī Q = λ 0 − λ 2 for z = 0 and
Similarly, we will focus on an interacting model with a specific ansatz for the EoS parameter, given as
Within this ansatz a finite value for ω is obtained from the past to the future; namely, the following asymptotic values are found: ω DE = 5ω 2 for z → ∞, ω DE ≈ ω 0 for z = 0 and
Therefore, a possible physical description should be studied to explore its properties.
In order to guarantee thatQ may be physically acceptable in the dark sectors [67] , we equal the right-hand sides of Eqs. (7) and (8) , which becomes
Now, to solve or alleviate of coincidence problem, we require that R tends to a fixed value at late times. This leads to the condition dR/dz = 0, which therefore implies two stationary solutions R + = R(z → ∞) = −(1 + 3ω DE /Ī Q ) and R − = R(z → −1) = 0, The first solution occurs in the past and the second one happens in the future. By inserting Eqs. (8) and (10) 
where T A µν is the A-fluid energy momentum tensor. In general, Q µ A can be split relative to the total fourvelocity U µ as [59, 60] 
where Q A and F µ A represent the energy and momentum transfer rate, respectively, relative to U µ A . Likewise, to the first order
where f A is a momentum transfer potential andQ A represents the interaction term. From Eqs. (14) and (16), we find [60] Immediately, we have established the simpler physical choice for the momentum transfer potential between the dark sectors, which happens when f A = 0 in the rest-frame of either DM or DE [59] . Consequently, this choice allows two different possibilities for Q µ A and f A , which can be parallel to either the DM or the DE four velocity, respectively. In this work, we focus only on the case [59, 60] 
On the other hand, assuming thatQ depends on the cosmic time through the global expansion rate, then a possible choice for δH can be δH = 0. Likewise, for convenience, we impose that δI Q ≪ δ DM , it leads to
In a forthcoming article we will extend our study, by considering other relations between δI Q , δ DM and δH. It is beyond the scope of the present paper.
In this work, we are interested in studying the effects of ω DE andQ on the total matter power spectrum and on the CMB temperature power spectrum. For this reason, we consider only the adiabatic perturbations, assume that T A µν is free of anisotropic stress, and the arguments above discussed, we find the evolution equations for the density contrast perturbation δ A and the velocity perturbations θ A in the IDE model from the general case presented in [59, 60] 
Furthermore, the relativistic Poisson equation is given by
Structure formation
In the Newtonian limit (δ ≪ 1) and at sub-horizon scales (H 2 ≪ k 2 ), we assume that DE fluid does not contribute in clustering of matter and therefore we could take δ DM ≫ δ DE ≈ 0. Besides, for simplicity, we also consider that the gravitational potentials φ and ψ, satisfy δ DM ≫ φ = ψ and φ ′ = ψ ′ ≈ 0. Since we are only interested in showing the effects ofQ and ω DE on the evolution of δ DM during the matter dominated era, rather than making accurate calculations. Again, for simplicity, we can ignore the contribution of the radiation in our estimations. Due to the arguments above discussed and combining Eqs. (21), (24) and (26), we obtain
A similar equation can be obtained for δ b . Next, we define the growth factor of linear matter perturbations as
where δ M is the normalized matter density perturbations. Via the above definition and by considering that δ b ≪ δ DM , Eq. (27) can be re-expressed in terms of the redshift for the case
(29) An analytical solution to Eq. (29) is very complicated to obtain, and we need to use numerical methods. For this reason, it is most suitable to approach f in the form
where γ is the growth index of the linear matter fluctuations, and in general is a function of the redshift or scale factor. Hence, Eq. (27) On the other hand, the root-mean-square amplitude of matter density perturbations within a sphere of radius 8 Mpch −1 is denoted as σ 8 (z) and its evolution is represented by
where σ 8,0 is the normalizations to unity of σ 8 (z) today. Thus, the functions f y σ 8 can be combined to obtain fσ 8 at different redshifts. From here, we obtain
3.3 Linear matter power spectrum.
The linear matter power spectrum P(k, z) is [69, 70] 
where T (k) is the transfer function, n s is the scalar spectral index of the primordial fluctuation spectrum, k is the wavenumber and δ H is defined [69, 70] by
In this work, we adopt the fitting formula proposed in [69, 70] that approximates the full transfer function as the sum of the baryon and cold DM contribution on all scales
Here, T b (k) is the baryon transfer function defined as (36) where R d is the ratio of the baryon to photon energy density at the drag epoch, k eq is the wave-number at the equality epoch radiation-matter, r d (z d ) is the sound horizon at the drag epoch, G is a factor of suppression, a * represents the scale factor at the recombination epoch, a eq represents the scale factor at the equality epoch radiationmatter and k silk represents the Silk damping scale [69, 70] . Similarly, the cold DM transfer function, T DM (k), is defined as [69, 70] .
and the shape parameter Γ , is given by [69, 70] 
3.4 CMB temperature power spectrum.
From Eqs. (33)- (37), using the results found in [70] and the Limber approximation [71] , we have built numerically the CMB temperature power spectrum today as
where the respective coefficients B 1 , B 2 , B 3 and
Here, D A (z * ) represents the angular diameter distance at the recombination epoch, see Eq. (49), R * is the ratio of the baryon to photon energy density at the recombination epoch and r s (z * ) is the sound horizon at the recombination epoch, see Eq. (67), and τ represents the optical depth.
4 Constraint method and observational data
Constraint method
In general, to constrain the parameter space we build all the necessary codes in the c++ language and use the MCMC method to calculate the best-fit parameters of the ΛCDM, ωDE and IDE models, respectively, and their respective parameter space P (main parameters), are given by
where Ω DM,0 and H 0 are the DM energy density and the Hubble parameter today, ω 0 , ω 1 and ω 2 are dimensionless parameters related to ω DE . Similarly, λ 0 , λ 1 and λ 2 are dimensionless constants linked toQ. The nuisance parameters α, β, M and dM are connected with the global properties of the Supernovas (type Ia), γ 0 and σ 80 are the values of γ and σ 8 today, respectively. The pivot scale of the initial scalar power spectrum k s,0 = 0.045Mpc −1 is assumed. Besides, the constant priors for the model parameters are shown in Table 4 . We have also fixed Ω r,0 = Ω γ,0 (1 + 0.2271N ef f ), where N ef f represents the effective number of neutrino species N ef f = 3.04 ± 0.18 and Ω γ,0 = 2.469 × 10 −5 h −2 were chosen from Table 4 in [23] . Similarly, the values of Ω b,0 = 0.02230h −2 and the Gaussian prior on n s = 0.9667 ± 0.0040 were also taken from Table 4 in [23] . Furthermore, the dimensionless parameters such as the ratio of the sound horizon and angular diameter distance, Θ s (multiplied by 100), together with the optical depth τ and the amplitude of the initial power spectrum A s , are derived from the parameter space P. In order to have access to the distribution of P, we calculate the overall likelihood L α e −χ 2 /2 , where χ 2 is
Observational data
To test the viability of our model and set constraints on P, we use the following data sets:
Join Analysis Luminous data set (JLA).
The Supernovae (SNe Ia) data sample used in this work is the Join Analysis Luminous data set (JLA) [1, 2, 3] composed by 740 SNe with high-quality light curves. Here, JLA data include samples from z < 0.1 to 0.2 < z < 1.0. The observed distance modulus is modeled by [1, 2, 3] 
where and the parameters m * B , x 1 and C describe the intrinsic variability in the luminosity of the SNe. Furthermore, the nuisance parameters α, β, M and dM characterize the global properties of the light-curves of the SNe and are estimated simultaneously with the cosmological parameters of interest. Then, we defined
where M stellar is the host galaxy stellar mass, and M is the solar mass.
On the other hand, the theoretical distance modulus is
where "th" denotes the theoretical prediction for a SNe at z. The luminosity distance D L (z, X), is defined as
where z hel is the heliocentric redshift, z CMB is the CMB rest-frame redshift, "c = 2.9999 × 10 5 km/s" is the speed of the light and X represents the model parameters. Thus, we rewrite µ th (z, X) as
Then, the χ 2 distribution function for the JLA data is
where
is a column vector and C
−1
Betoule is the 740 × 740 covariance matrix [3] .
Redshift Space Distortion (RSD) data
Represent a compilation of measurements of the quantity fσ 8 at different redshifts, and obtained in a model independent way. These data are apparent anisotropies of the galaxy distribution in redshift space due to the differences of the estimates between the redshift observed distances and true distances. Here, f is combined with the rootmean-square amplitude of matter within a sphere of radius 8 Mpch −1 , σ 8 (z), in a single quantity. These data were derived from the following galaxy surveys: Pscz, 2dFVVDS, 6dF, 2MASS, BOSS and WiggleZgalaxy, respectively and collected by Mehrabi (see Table in [6] ). Then, the standard χ 2 for this data set is given as [6] 
where σ(z i ) is the observed 1σ error, fσ 8 th and fσ 8 obs denote the theoretical and observational data, respectively.
BAO data sets
• BAO I data: Here, we use a compilation of measurements of the distance ratios d z at different redshifts and obtained from different surveys [24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35] , listed in Table 2 . To encode the visual distortion of a spherical object due to the non-Euclidianity of a FRW spacetime, the authors [27, 36] 
where D A (z) is the angular diameter distance given by
The comoving sound horizon size is defined by
being c s (a) the sound speed of the photon-baryon fluid
Considering Eqs. (50) and (51) in terms of z, we have
The epoch in which the baryons were released from photons is denoted as, z d , and can be determined by [36] :
where Ω M,0 = Ω DM,0 + Ω b,0 , and
The peak position of the BAO depends on the distance radios d z at different z, which are listed in Table 2 .
where r s (z d , X) is the comoving sound horizon size at the baryon drag epoch. From Table 2 , the χ 2 becomes
• BAO II data: From BOSS DR 9 CMASS sample, Chuang [31] analyzed the shape of the monopole and quadrupole from the two-dimensional two-points correlation function 2d2pCF of galaxies and measured simultaneously H, D A , 
Then, the χ 2 function for the BAO II data is given by
where "t" denotes its transpose and the covariance matrix is listed in Eq. (26) 
(58)
• BAO III data: Using SDSS DR 7 sample Hemantha [38] , proposed a new method to constrainH and D A simultaneously from the two-dimensional matter power spectrum 2dMPS without assuming a DE model or a flat universe. They defined a column vector ∆B i = B 
(60)
The χ 2 function for these data can be written as
where "t" denotes its transpose.
• BAO IV data: This sample considers the Alcock-Paczynski test [7] to constrain the cosmological models and break the degeneracy between D A andH [8] . This signal can be defined through the AP distortion parameter F AP (z) = (1 + z)D A (z) (H(z)/c). In this sample has been convenient to define the joint measurements of d z (z eff ), F AP (z eff ) and f(z eff )σ 8 (z eff ) in a only vector evaluated at the effective redshift z eff = 0.57 [9, 10, 32] . Here, it is convenient to define the joint measurements of d z (z eff ), F AP (z eff ) and f(z eff )σ 8 (z eff ) in a vector V evaluated at the effective redshift z eff = 0.57 [9, 10, 32 ]
The χ 2 function for this data set is fixed as 
Considering Eqs. (55), (57), (61) and (63), we can construct the total χ 2 BAO for all the BAO data, as
CMB data
We use the Planck distance priors data extracted from Planck 2015 results XIII Cosmological parameters [23] . From here, we have obtained the Shift parameterR(z * ), the angular scale for the sound horizon at recombination epoch, l A (z * ), where z * represents the redshift at recombination epoch [23, 41] . Hence, the shift parameterR is defined by [39] 
where E(ỹ) is given by Eq. (12). The redshift z * is obtained using [40] (68) The angular scale l A for the sound horizon at recombination epoch is
where r s (z * , X) is the comoving sound horizon at z * , and is given by Eq. (52) . From [23, 41] , the χ 2 is
is a column vector
"t" denotes its transpose and (C −1 CMB ) ij is the inverse covariance matrix [41] given by 
The errors for the CMB data are contained in C −1 CMB .
Hubble dataH(z)
This sample is composed by 38 independent measurements of the Hubble parameter at different redshifts [42] and were derived from differential age dt for passively evolving galaxies with redshift dz and from the two-points correlation function of Sloan Digital Sky Survey. This sample was taken from Table III in [42] . Then, the χ 2 H function for this data set is [42] 
where H th denotes the theoretical value ofH, H obs represents its observed value and σ(z i ) is the error. Table 2 . Summary of BAO I data [19, 24, 25, 26, 27, 28, 29, 30, 31, 32, 34, 35] .
Results
In this work, we have ran eight chains for each of our models on the computer, and the obtained outcomes of the main and derived parameters are presented in Table  5 , in where the best estimated parameters with their 1σ and 2σ errors are shown. Moreover, the minimum χ 2 min is 712.3048 for the IDE model, which is smaller in comparison with those obtained in the non-interacting models and the one-dimension probability contours at 1σ and 2σ on single parameters are plotted in Fig. 1 . Likewise, from Table 5 and Fig. 1, we among the different parameters of our models, obtaining constraints more stringent on them. WhenĪ Q = 0, one finds that the ωDE model is very close to the IDE model. Due to the two minimums obtained in the IDE model (see Table 5 ), we consider now two different cases to reconstruct I Q : the case 1 is so-called IDE1 with λ 2 > 0; by contrast, the case 2 is so-called IDE2 with λ 2 < 0. From the left above panel of Fig. 2 , one can see that the universe evolves from the phantom regime ω DE < −1 to the quintessence regime ω DE > −1, and then it becomes phantom again; and in particular, crosses the phantom divide line ω DE = −1 [72] . The IDE model has two crossing points in a = 0.4043 and a = 0.9894, respectively. Such a crossing feature ω DE = −1 is favored by the data about at 1σ error. Then, our fitting results show that the evolution of ω DE in the ωDE and IDE models are very close to each other, in particular, they are close to −1 today. Now, in the right above panel of Fig. 2 , we have considered that at early times when DM dominates the universe I + denotes an energy transfer from DE to DM and I − denotes an energy transfer from DM to DE. Here, Table 5 . Shows the best-fit values of the cosmological parameters for the studied models with 1σ and 2σ errors.
we have found a change from I + to I − and vice versa. This change of sign is linked toĪ Q = 0 and is also favored by the data at 1σ error. The IDE model shows three crossing points in a −0.4820×10 −4 for the case IDE2, respectively. These results are consistent at 1σ error with those reported in [58, 73, 74] . However, our outcomes are smaller. This small discrepancy is due to the ansatzes chosen for I Q and the data used. Also, in the left below panel of Fig. 2 , we note that R is always positive when bothĪ Q and ω DE are time-varying, and remains finite when a → ∞. As is apparent,Q seems to alleviate the coincidence problem for ln a ≤ 0. Likewise, from the right below panel of this figure, we note that the vertical line indicates the moment when |3H(1+ω DE )ρ DE | and |ρ DMĪQ | are equal, see Eq. (4). Here, to the left of this line,Q affects the background evolution ofρ DE . By contrast, the situation is opposite to the right of this line. This panel also shows that the background evolution of ln R, exhibits a scaling behavior at early times (keeping constant) but not at the present day. These results significantly alleviate the coincidence problem, but they do not solve it in full. From the right below panel of the Fig. 2 , we see that at ln a < 0 the coupling affects violently the background evolution ofρ DE in the IDE model. By contrast, the situation is opposite at ln a > 0. Furthermore, the graphs forρ DM are essentially overlapped during their evolution. The left above panel of Fig. 3 , shows the evolution of the structure growth of the matter, fσ 8 , along z for the different cosmologies. These curves are comparable with each other at z < 0.4 but they deviate one after another at z > 0.4. It implies that they are sensitive to the background cosmology. Within the matter era the amplitude of fσ 8 in the IDE model is enhanced relative to the ωDE model at z < 3, but both are smaller than that found in the ΛCDM. At z > 5,Q and ω DE would brough about a large structure formation in the IDE and ωDE scenarios, respectively. Due to the fact that the amount of DM is bigger than the amount of DE at earlier times; therefore, it produces an enhancement on the amplitudes of fσ 8 in the IDE model respect to that found in the ΛCDM, respectively. Our fitting results are consistent at 1σ error with those reported by [6, 60, 61, 62, 63] . The right above panel of this Figure depicts the evolution of the total matter power for different scenarios at z = 1.6. Notice that P(k) in the IDE model is enhanced with respect to that in the ΛCDM but it is suppressed in relation to that found in the ωDE scenario. That could be a consequence of the amount of concentrated matter at early times and also the presence ofQ. Moreover, the vertical line indicates the turnover position, k eq , is very close in our models. Also, we notice a series of wiggles on the P(k) due to the coupling between the photons and baryons before recombination; namely, the presence of baryons have left their effect there. these arguments, the IDE and ωDE can be distinguished from the curves of fσ 8 , and the structure growth data could break the possible degeneracy between these two models and provides a signature to discriminate them. These outcomes are in correspondence with those found by [60, 62, 63] at 1σ error. Likewise, the below panel of this Figure displays the effects ofQ and ω DE on the amplitude of the CMB temperature power spectrum at low multipoles l < 100, in where the amplitude of the integrated Sachs-Wolfe effect is deviated in the IDE model respect to that found in the other scenarios. Instead, at high multipoles l > 100,Q and ω DE increase the concentration Fig. 2 . Shows the background evolution of ωDE andĪQ, R andρ along a for the coupled and uncoupled models. Here, we have fixed the best-fit values of Table 5 and have omitted the constraints at 1σ and 2σ to have a better visualization of the results.
of DM early times, affecting the sound horizon at the end, which shiftes to right the values of the acoustic peaks located at l = n p πD A (z * )/r s (z * ), n p = 1, 2, 3.., and reduced the amplitudes of the first peaks when the studied models are compared. These features can be understood by considering the extra-terms proportionals to λ 0 , λ 1 and λ 2 in Fig. 3 . Shows the combined impact ofQ and ωDE on the evolution of the structure growth of the matter fσ8, on the linear matter power spectrum P(k), and on the CMB temperature power spectrum
the Ω DM , which increases and, in consequence, amplifies the amount of DM at early times. That is in accordance with the result found in the previous panel of this Figure  and with those found in [60, 62, 63] at 1σ error.
Conclusions
In this work, we examined an interacting DE model with an interactionQ proportional to the DM energy density, to the Hubble parameterH, and to a time-varying function, I Q expanded in terms of the Chebyshev polynomials T n , defined in the interval [−1, 1]. Besides, we also consider a time-varying EoS parameter, ω DE , expressed in function of those polynomials. These ansatzes have been proposed so that their background evolution are free of divergences at the present time and also at the future time, respectively. In a Newtonian gauge and on sub-horizon scales, a set of perturbed equations is obtained when the momentum transfer potential becomes null in the DM rest-frame. This leads to different cases in the IDE model. Based on a combined analysis of geometric and dynamical probes which include JLA + RSD + BAO + CMB + H data and using the MCMC, we found the best-fit parameters that constrain the background evolution of our models. We have also considered the perturbed equations for the DM and baryons in the rest-frame of DM. Besides, we have built the theoretical and numerical structures, and in particular, we used the c++ language to show the combined impact of bothQ and ω DE on the evolution of R, ρ DM ,ρ DE , fσ 8 , P(k) and l(l + 1)C l , respectively. Likewise from Table 5 and Fig. 2 , our fitting results show thatĪ Q can cross twice the lineQ = 0 during its background evolution. Similarly, ω DE crosses the line ω DE = −1 twice as well. These crossing features are favored by the data at 1σ error. Furthermore, we also notice that R is always positive and remains finite in all our models when a → ∞. Moreover, in the IDE model, R exhibits a scaling behaviour at early times (keeping constant). Then,Q seems to alleviate the coincidence problem for ln a ≤ 0 but it does not solve that problem in full.
On the other hand, from Fig. 3 , we found that the evolution curve of fσ 8 in the IDE model deviates significantly from that obtained in the ΛCDM and ωDE models. It meant that, the structure formation data could break the possible degenaracy between the IDE and ωDE models. In these last two models, several best-fit parameters are very close with each other, therefore, one could then conclude that this detected deviation is brough about mainly by ω DE , namely, fσ 8 is sensitive mainly to the evolution of ω DE and depends on its parametrisation. Moreover, the geometric probes favor the existence of an interaction between the dark sectors but the dynamical test constrains its intensity. These effects can be understood by considering the extra-terms proportional toĪ Q in the DM energy density, (see Eq. (12)), which increases and, in consequence, amplifies the amount of DM at earlier times. As a result, the growth of structure is significantly affected byQ and ω DE , which induce that the amplitude of P(k) becomes higher in the IDE model than that found in the ΛCDM model but it is lesser than that found in the ωDE. Moreover, the position of the turnover point in all our models is very close at smaller scales. Likewise, we also notice a series of wiggles on the curve of P(k) due to the coupling between the photons and baryons before of the recombination; namely, the presence of baryons have left their effect in this plot (see Fig. 3 ). Finally, we also find that the amplitude of the CMB temperature power spectrum is also sensitive toQ at low and high multipoles. In the IDE model,Q produces a shift of the acoustic peaks to the right and their amplitudes are reduced at high multipoles with respect to the uncoupled models. Besides, at low multipoles the amplitude of the integrated Sachs-Wolfe effect is also affected byQ.
The results for the other case when the momentum-transfer potential vanishing in the DE rest-frame will be presented in a future work.
